INTRODUCTION
============

The World Health Organization (WHO) declared that the worldwide incidence of new cases of tuberculosis (TB) is estimated to be 8.8 million per year, with 1.5 million deaths every year \[[@R1]\]. Approximately one third of the world's population is infected by *mycobacterium tuberculosis.* Among infectious diseases, tuberculosis (TB) is the second leading cause of death \[[@R2],[@R3]\]. TB cases develop from a large and widely distributed reservoir of latent infection, such that the true incidence of TB does not usually vary greatly across small areas or short periods of time (less than 5 years). The tuberculin survey still remains an epidemiological tool to evaluate TB trends \[[@R4]\]. Although there are immunological tests that determine the production of IFN-gamma by TB-specific T lymphocytes after encountering *M. Tuberculosis* antigens and even if they have enough benefits (highly specific) over the common test, they are less sensitive than the tuberculin skin test for indicating whether a person has ever been infected. So there are still questions that remain unanswered \[[@R5],[@R6]\]. The annual risk of Tuberculosis infection (ARTI) is an epidemiological indicator derived by tuberculin skin test (TST) research to measure the size of TB transmission in a community \[[@R7]\]. Ιt is the probability of acquiring new tuberculosis infection or re-infection in a year. ARTI tendencies are a critical index for improvement, or lack thereof, in tuberculosis control in a community. Recently in the past, ARTI assessments were used by TB audit programs to evaluate the incidence of smear positive TB at a population level by using the Styblo rule \[[@R8]\]. Furthermore, ARTI tendencies have been used to estimate the impact of the HIV epidemic on TB transmission \[[@R9],[@R10]\]. In spite of the huge experience which was acquired throughout the past century, the operating characteristics of the TST assure us that there will always exist an exchange between sensitivity and specificity so that these will differ with the prevalence of infection with *M. tuberculosis* and other mycobacteria, or Bacille Calmette-Guerin (BCG) among the population. The predictive value of the test will also depend on the prevalence of tuberculous infection in the particular population \[[@R11]\]. Recent discussions have focused both on the usefulness of new technologies to define who is infected \[[@R12]\] and on more advanced statistic methodologies in the interpretation of TST data to evaluate the infection prevalence \[[@R13]-[@R15]\].

This survey evaluated the prevalence of Tuberculosis infections and ARTI among young Hellenic recruits of all the geographical areas in Greece. This survey also examined the effect of BCG vaccination on prevalence of infection estimates. Previous studies to evaluate the annual risk of Tuberculosis infection (ARTI) in young Hellenic men was conducted during 1981-1991 in Greece \[[@R16]\].

MATERIAL AND METHODS
====================

Setting: This research was conducted in Tripolis, Greece, which is where the boot camp of the Hellenic Air Force is currently located, between November 2006 and November 2007.

Population: The research was conducted among a population of 7.492 males recruited for military service which is mandatory for all males in Greece. During enlistment, recruits are obligated to undergo a chest x-ray, an ordinary physical examination and a tuberculin skin test (TST).

Sample size: All recruits from the described period were enrolled.

Methodology
-----------

Type of study: epidemiological observational study.

Study Protocol
--------------

Epidemiological data regarding age, geographic area of residence, TB symptoms, family history of TB, smoking habits, family size, educational level, and parental occupation was collected using structured questionnaires. Any contact (live in the same house or stay together or work together many hours a day) with immigrants from high incidence TB countries was taken into consideration. The data was computerized and further checked for correctness.

Physical examination: All recruits were examined for previous bacill Calmette-Guerin vaccination through BCG scar. They were comprised in the research whether they had a BCG scar or not. Confirmation of the presence of a BCG vaccination was done by a study team member by counter checking on the child vaccination card of each subject (not all vaccinated with BCG develop a scar and the scar may subside as time passes).

Instrumentation: The skin test was performed by using two Tuberculin Units of PPD RT23 with Tween, which were provided by the Statens Serum Institute of Copenhagen, Denmark and followed the specific guidelines during the conduction of the test \[[@R17]\]. Forty eight hours later the transverse diameter of induration which arose was measured by the study nurse and confirmed by the study doctor, thus ensuring test validity. Infection prevalence was determinate by using 10 mm cut-off points. The 10 mm criterion is the most widespread used which takes into consideration all reactions ≥10 mm of being an indicator of infection (positive TST) \[[@R18],[@R19]\].

Tool definition: The Annual Risk of Tuberculosis Infection (ARTI). It was defined as R=1-(1-P)^1/α^, where R is the probability of being infected in one year, P is prevalence of (TB) infection and α the mean age of recruits \[[@R7]\].

Statistical evaluation: The effect of BCG in rendering the tuberculin skin test positive was ascertained by comparing the rates with positive tuberculin skin test between groups with or without BCG. The rates were compared with the use of the χ^2^ test, and where necessary (few observations), using Fisher's exact test. A p-value ˂ 0.05 was considered statistically significant. In addition, logistic regression was used in order to take into account other factors, a family history of tuberculosis, BCG history, smoking, number of cigarettes per day and years of smoking, contact with people from each of the \"high risk\" regions (i.e. Balkans, Eastern Europeans, people from the former Soviet Union, Asians and Africans) and the age of the recruits. The logistic model took the form: log (P~+~ / P~-~) = β~0~+β~1~Χ~1~+β~2~Χ~2~+β~3~Χ~3~ + \... where P~+~, P~-~, are the probabilities of positive and negative tuberculin skin test and X~1~ = 1 if the recruit had BCG vaccination and 0, if not, X~2~ the family history of tuberculosis, X~3~ the age of the recruit, and similarly for the rest of the variables. Data was analyzed by using SPSS for Windows version 13.0.

For the aim of our analysis the residential areas were divided into urban and rural which was calculated with data provided from the National Statistical Service of Greece according to the 2001 population census (National Statistical Service, <http://www.statistics.gr/portal/page/portal/ESYE>).

The research protocol was confirmed by the Medical Directorate of the Hellenic Air Force General Staff. Written informed consent to participate in the study was acquired from all participants.

The research protocol was approved by the Ethics committees of the University of Thessaly.

RESULTS
=======

The tuberculin skin test was conducted to 7.492 young men. The recruits' mean age was 23.57 years (standard deviation was 3.05) (Table **[1](#T1){ref-type="table"}**).

Among the recruits 63.6% were BCG vaccinated while 36.4% were not.

15.3% of the recruits had a tuberculin skin test which was positive.

BCG vaccination was statistically associated with presence of TST positivity (p-value ˂ 0.0005 Fisher's Exact Test, odds ratio \[OR\]:1.56).

The ARTI in the non- vaccinated group was 0.2% (Table **[1](#T1){ref-type="table"}**, Fig. **[1](#F1){ref-type="fig"}**).

There were not any statistically significant differences between urban and rural population concerning the positivity of the tuberculin skin test (p-value = 0.425) (Fig. **[2](#F2){ref-type="fig"}**).

Differences in the positivity of the tuberculin skin test among the recruits not BCG vaccinated, in recent contact with immigrants from high incidence countries, were not statistically significant (Fig. **[3](#F3){ref-type="fig"}**).

DISCUSSION
==========

Pulmonary Tuberculosis (TB) is on increase in world prevalence and significantly menaces the population of both developed and under developed countries \[[@R20]\]. The proliferation of tuberculosis due to the absence of suitable and decidedly responsive intervention strategies and programs \[[@R20]\]. Target tuberculin testing for LTBI is a main component of tuberculosis (TB) control which allow us to identify people at high risk, or people at low risk whose future activity will put them at an increased risk of exposure, of developing TB who would profit by treatment of LTBI if detected. The TST remains one of the standard test of preference for the diagnosis of LTBI in large and presumably healthy populations such those of this study, at least until IGRA becomes available.

Identification and therapy for persons with latent infection constitute a necessary factor of the TB elimination strategy supported by the Hellenic Air Force.

The method which was used in this survey is the tuberculin skin test, or Mantoux. It employs a purified protein derivative which is injected intradermally into the volar surface of the subjects arm. The individuals who have already been exposed to TB will develop an induration on the side of the injection within 48 hours. An induration is an indication that their body has reacted to the antigens in the purified protein derivative \[[@R20]\]. It is required observation within 48 to 72 hours in order to test read, the test does not discriminate latent from active tuberculosis but indicates a TB infection.

The advantage of TST is that it is a test that can be performed by front-line health care workers, and does not require specialized laboratory setting.

A positive TST reaction may present latent TB infection, previous BCG vaccination, or a cross-reaction to *non tuberculous mycobacteria*. Guidelines by the American Thoracic Society (ATS) warn against taking former BCG vaccination into consideration when interpreting a TST reaction \[[@R21]\]. So this analysis was restricted to recruits without BCG vaccination, to avoid any TB sensitivity induced by BCG vaccination.

The statistically significant difference in the ARTI rates of this study, between the BCG vaccinated (ARTI=1%) and not vaccinated (ARTI=0,2%) recruits is an indication of the increasing effect of the BCG to the tuberculin skin test reaction.

BCG vaccine is currently used in Greece (during childhood, ages of 5 to 7 years) to protect infants and children from severe TB infection, particularly TB meningitis. It does not confer lifelong immunity, and its significance in persons receiving the TST causes confusion \[[@R22]\].

The leading deduction of this survey is that contrasted to former available epidemiological data from Greece, there has been an important decline in the prevalence of TST positivity in Greek enlistees during the last 30 years. Bouros *et al*. previously stated a decline of TST positivity from 14,2% in 1981 to 6,8% in 1991 \[[@R16],[@R23],[@R24]\]. The prevalence of TST positivity in this survey is 4,74% (in recruits without BCG vaccination), and the ARTI is 0,2%.

The test population of these recruits was preferred due to their accessibility and the fact that they came from different geographical areas of the country rendering the sample representative of Greece.

This survey has a particular interest in comparing specific groups of the population (such as urban versus rural).

One more significant deduction of the survey is that residency in rural areas of Greece was not found to be an independent predictor of the appearance of TST reactivity in the multivariable analysis.

Human migration has had a significant effect on spreading tuberculosis throughout human history. Nowadays, geographic obstacles have been easily overcome, and mass migration reached unprecedented levels in the last half of the 20^th^ and the outset of the 21^st^ centuries \[[@R25]\].

Immigrants and refugees coming from high incidence countries of Asia, Africa, the former USSR, Balkan and the former Eastern Bloc, depict one of the leading ¨reservoir¨ of tuberculosis, frequently resistant to numerous anti-tuberculous drugs \[[@R26],[@R27]\].

An important deduction of the survey is that there were not any statistically significant differences among the population in recent contact with immigrants from high incidence countries.

The analysis has some important limitations, which have been underlined by the authors. False positive reactions may be attributed to *non* *tuberculous* *mycobacteria* exposure \[[@R28],[@R29]\]. Contrary, false negative reactions may occur to people with suppressed or altered immunity, given that TST reactions are based on a cell-mediated immune response \[[@R30]\].

Finally, these results cannot be extrapolated to other population groups (the elderly, females) since this study included only healthy young males; individuals with risk factors for TB (diabetes mellitus, HIV, immunodeficiency, hematological malignancies) are not enlisted into the Hellenic Air Force. The study recruits comprised a sample of the male population of that age in Greece, as enrollment in the Greek Air Force is mandatory for every male over the age of 18, coming from every geographical part of Greece (urban or rural).

The identification of people with positive TST may be used as an indirect assessment for the overall disease burden, as these patients-after elimination of those vaccinated against TB-represent a potential ¨reservoir¨ of *Mycobacterium* *Tuberculosis*. The Hellenic Armed Forces have taken part actively in the Federal Operations versus TB for the last 70 years. Serial surveys on the TST positivity in enlistees can be used as an indicator of the temporal epidemiological trends of mycobacterial burden in the population in time. The results encourage the idea that Greece has acted seriously in order to reduce the TB disease burden.

CONCLUSION
==========

The determination of changes in the risk of infection is the most informative indicator for changes in transmission patterns of *M. tuberculosis*in a community \[[@R7]\].

Obviously, the analysis demonstrates further decline in the prevalence of TST positivity in young Hellenic enlistees compared to the outcomes of former studies on this population.

Prevalence of tuberculosis infection and annual risk of TB infection estimated from tuberculin surveys is considered the best epidemiological index available to monitor the TB situation in a community \[[@R17]\].

The methodology of evaluating infection prevalence and the annual risk of infection itself is debatable and doubtful \[[@R30]\]. However tuberculin surveys supply significant information, particularly on the trend of the TB problem \[[@R4]\].

Until more accurate diagnostic tests are available, the results suggest that TST (if accurately utilized) is useful additionally to routine screening.
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TST

:    = Tuberculin Skin Test

TB

:    = Tuberculosis

ATS

:    = American Thoracic Society

ARTI

:    = Annual Risk of Tuberculosis Infection

BCG

:    = Bacill Calmette-Guerin

LTBI

:    = Latent Tuberculosis Infection

WHO

:    = World Health Organization

IFN

:    = Interferon

PPD

:    = Purified Protein Derivative

USSR

:    = Union of Soviet Socialist Republics

IU

:    = International Units

IGRA

:    = Interferon Gamma Release Assay
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###### 

Annual Risk of Tuberculosis Infection (ARTI)

  ------------------------------------------------------------------
  BCG                      Age      Positive Tuberculin\   ARTI
                                    Skin Test              
  ---------------- ------- -------- ---------------------- ---------
  Not Vaccinated   Rural   21.71    0.0467                 0.00220

  Urban            24.23   0.0474   0.00200                

  Total            23.85   0.0474   0.00203                

  Vaccinated       Rural   21.64    0.1984                 0.01017

  Urban            23.75   0.2169   0.01024                

  Total            23.41   0.2138   0.01022                

  Total            Rural   21.66    0.1451                 0.00721

  Urban            23.92   0.1547   0.00700                

  Total            23.57   0.1531   0.00702                
  ------------------------------------------------------------------

BCG vaccination was statistically associated with presence of TST positivity (p-value \< 0.0005 Fisher's Exact Test, odds ratio \[OR\]:1.56).
